We perform a comparative end-to-end research evaluation of leading engineering institutions in India separating out the bibliometric part of the chain from the econometric part. This combines size-dependent and size-independent terms based on quantity and quality (impact) in a meaningful way. Output or outcome at the bibliometric level is measured using a second-order composite indicator, and the productivity or efficiency terms follow accordingly using the input to output or outcome factors. Data are taken from the recent release of the National Institutional Ranking Framework (NIRF) 2017 in the public domain. Thus, the ranking based on NIRF scores of the Indian Institute of Technology, Madras as the best engineering institution in India is too simplistic a conclusion.
THE National Institutional Ranking Framework (NIRF) has just released its 2017 rankings of higher educational institutions across the country. A wealth of scientometric and institutional data are now available in the public domain. In this communication, we focus only on the aspect of research excellence as measured by publications, citations and impact from three different bibliometric databases for the top 25 engineering institutions ranked in 2017. An end-to-end comparative research evaluation of leading engineering institutions in India is performed by separating out the bibliometric part (inner core) of the chain from the econometric part (outer shell). This combines size-dependent and size-independent terms based on quantity and quality (impact) in a meaningful way. Output or outcome at the bibliometric level is measured using a second-order composite indicator, and the productivity or efficiency terms follow accordingly using the input to output or outcome factors.
Savithri and Prathap 1 showed that the research performance of leading higher education institutions in India and China can be summarized from the input end to the outcome end using six primary and secondary bibliometric indicators representing the entire chain of activity: input-output-excellence-outcome-productivity. Principal component analysis indicated that the primary indicators are orthogonal and represent size-dependent quantity and size-independent quality/productivity dimensions respectively. Composite indicators which combine size-dependent and size-independent terms were also needed to measure output and outcome. Data from the 2014 release of the SCImago Institutions Rankings (SIR) were used.
Abramo and D'Angelo 2, 3 have recently argued that the use of size-independent citation indicators from the bibliometric part (inner core) of the chain to rank institutions for performance must be combined with the productivity and efficiency measures from the econometric outer loop of assessment. This requires the bibliometric core of the chain (measuring output or outcome using bibliometric indicators) to be separated from the econometric part (the outcome or output to input ratios). That is, to complete the evaluation chain, we must take up the econometric part where efficiency of the research production process is represented in terms of output and outcome productivities based on faculty size and budget or annual expenditures.
NIRF 2017 (https://www.nirfindia.org/Engineering Ranking.html) gives for all assessed institutions bibliometric data from three databases, the Indian Citation Index, Scopus and Web of Science. The total number of publications P reported by the institution and the total number of citations C reported for the three year window 2013-15 are the basic bibliometric data. It also gives the faculty size F and the total annual expenditure for 2016, which we call the spend S. These are all size-dependent or composite indicators of input and output [1] [2] [3] . At the inner core of the evaluation, we perform the scientometric or bibliometric assessment. Once a secondorder indicator is computed, the efficiency and productivity measures form the econometric part which can be thought of as the outer shell. It is best to demonstrate this with an example. Table 1 shows the bibliometric and econometric assessment for the top institution in the engineering category according to NIRF 2017, namely the Indian Institute of Technology (IIT) Madras. We start with one primary size-dependent input parameter: the number of regular faculty, F. NIRF gives bibliometric data from three databases, as mentioned above. The total number of publications reported (P) and the total number of citations reported (C) for the three year window 2013-15 are the basic bibliometric data. From this, we can compute the impact i = C/P, which is an accepted proxy for the quality of the work reported in that database by the institution. Note that P is a size-dependent proxy of quantity of research output, i is a size-independent proxy of quality of research output and C is a composite sizedependent indicator which combines quality and quantity.
A single-valued composite outcome indicator for the research performance of each institution from each database can be computed as the second-order indicator 4 called the exergy term from the quantity (size) and quality (excellence) indicators, X = i 2 P = iC. We see that X is a scalar measure of total research output. Therefore X/F and X/S are size-independent measures of productivity or efficiency of the institution. This exercise is repeated for the top 25 institutions in the NIRF 2017 rankings for engineering. Table 2 With respect to the output per crore of rupees of annual expenditure: College of Engineering, Pune was the lowest performer and Jamia Millia Islamia was the best performer, by a factor of 49.91. This range is not seen in the NIRF scores, where the academic aspect which accounts for only a small fraction of the total score along with those from all the other heads and sub-heads has been telescoped into a narrow band, a feature noticed last year as well 5 . Table 2 also shows the Pearson's correlations. Figures  1-5 show some key relationships between F, S, X, X/F, X/S and NIRF score as scatter plots. In Figure 1 , which is a scatter plot of exergy (X) versus faculty strength (F), we see that the NIRF ranking of IIT Madras as the best engineering institution in India is too simplistic a conclusion. Figure 2 repeats this story when a scatter plot of exergy versus spend is constructed. From Figure 3 we can propose an alternative ranking based on a second-order measure of scientometric performance -IITs Kharagpur, Delhi, Roorkee and Bombay rank ahead of IIT Madras. Figure 4 which is the scatter plot of exergy per faculty (X/F) score versus faculty (F) tells an entirely different story. The Institute of Chemical Technology, Mumbai is by far the best performer. In this scheme IIT Madras ranks thirteenth. Figure 5 which is a scatter plot of exergy per crore of spending (X/S) score versus spend (S) tells yet another story. Jamia Millia Islamia is the best performer, followed by Jadavpur University and the Institute of Chemical Technology, Mumbai. Now IIT Madras ranks twentieth. It would seem that throwing more money at the IITs reduces their productivity or efficiency in translating rupees to scientific wealth.
We used the bibliometric data that have been released through the NIRF 2017 rankings to see how the top 25 engineering institutions fare if only research excellence is considered. Performance is decomposed into a sizedependent exergy term and size-independent productivity and efficiency terms. The Pearson's correlation coefficients and scatter plots show that various alternative rankings can be made. A ranking based on a second-order measure of scientometric performance 4 shows that IITs Kharagpur, Delhi, Roorkee and Bombay rank ahead of IIT Madras. If a productivity measure such as exergy per faculty (X/F) score is chosen, the Institute of Chemical Technology, Mumbai is by far the best performer; here IIT Madras ranks thirteenth. If an efficiency measure such as exergy per crore of spending (X/S) score is considered, we find that Jamia Millia Islamia is the best performer, followed by Jadavpur University and the Institute of Chemical Technology, Mumbai; here IIT Madras ranks twentieth. It also seems that higher spending only reduces productivity or efficiency in translating rupees to scientific wealth.
The ranking based on NIRF scores of IIT Madras as the best engineering institution in India is too simplistic a conclusion -it is the tragedy of the single story indeed.
